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Abstract — The paper reports a fast transmit antenna 
selection scheme employing block diagonalization for a 
multiuser MIMO system, in which a base station features more 
antennas than RF branches. The task of selecting an optimal 
sub-set of antennas is achieved in an iterative manner that 
requires a considerably less time than the earlier reported 
schemes employing a full search. The newly proposed 
transmission scheme improves the multiuser MIMO system 
performance in terms of the sum rate capacity.  Computer 
simulations show that the scheme outperforms the maximized 
minimum singular (MMS) scheme in the low SNR range.   
Index Terms — Multi-input Multi-output; Antenna Selection; 
Block Diagonalizaiton; Multiuser channels; 
 
I. INTRODUCTION 
Recent years have shown a considerable shift of research 
on multiple-input multiple-output (MIMO) systems from 
point-to-point to multiuser scenarios [1]. A multiuser MIMO 
system typically consists of a base station supporting 
communication with multiple mobile users. Both the base 
station and mobile users are equipped with multiple element 
antennas. The mobile users are served by the base station by 
means of space division multiple accesses (SDMA). In terms 
of spectral efficiency, a multiuser MIMO system is expected 
to approach the capacity of the channel [2]. Relevant studies 
involving the information theory have shown that the optimal 
capacity-achieving downlink conditions can be achieved by 
the “dirty paper coding (DPC)” approach [2][3]. However, 
DPC is not suitable for implementation in practical systems 
because of its high complexity. Due to this reason, 
researchers have investigated a number of sub-optimal 
approaches. Among them, block diagonalization (BD) 
approach has proved to have the ability of achieving a large 
fraction of DPC capacity with much reduced complexity 
[4][5]. In the BD approach, the base station transmits signals 
to multiple mobile users by applying orthogonal beam-
forming weights. As a result, each mobile user’s beam-
forming weights lie in the null space of all other mobile 
users’ channels. This is equivalent to having orthogonal 
MIMO channels between the base station and individual 
MSs.  
 For its operation, BD relies on the condition that the 
number of transmit antennas at the base station is equal or 
larger than the total number of receiving antennas at mobile 
users [4]. A larger number of transmit antennas can provide 
more freedom for co-channel interference cancellation. 
However, this is not practical. To be economically viable the 
base station is usually equipped with a limited number of RF 
transceivers, which form its RF branches.  Because of this 
limitation, a multiuser MIMO system has to use an 
economical solution by switching an optimal subset of 
antennas to the available RF branches. This approach is 
known as antenna selection (AS) scheme. Antenna selection 
schemes have been extensively studied for point-to-point 
MIMO systems [6]. A number of efficient search schemes for 
selecting subsets of base station antennas have been proposed 
and investigated in [7][8]. Unfortunately, most of these 
schemes cannot be straightforwardly applied to a multiuser 
MIMO system. An antenna selection scheme optimizing the 
performance of symbol error rate (SER) and sum rate 
capacity has been proposed in [9]. However, it is difficult to 
implement it because it is computationally demanding. 
Improved schemes with a lower complexity have been 
proposed in [10]. One of the approaches referred as the 
maximized minimum singular (MMS) scheme takes the SNR 
lower bound as the performance metric. It searches for the 
transmit antenna candidates offering the MMS of the 
effective channels. However, according to the analysis in 
[11], this metric intends to lose it validity in a lower range of 
SNR. In this paper, we propose a new antenna selection 
scheme which we refer to as the maximized average singular 
(MAS) scheme.   The key idea of this scheme is to 
successively eliminate undesired transmit antennas which 
yield a minimum contribution to the averaged gain of the 
channel eigen-modes.  
The rest of this paper is organized as follows. In section II, 
the signal model is introduced. Section III describes the 
Block Diagonalization and transmit antenna selection 
scheme. Section IV presents numerical results demonstrating 
the performance of the proposed scheme. Finally, section V 
concludes the paper.  
II. SIGNAL MODEL 
A narrowband downlink multiuser MIMO system with the 
base station serving K mobile users is considered. It is 
assumed that the base station has L > N antennas and N RF 
branches. As a result only N transmitting antennas can be 
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activated by the selection process to transmit signals. The kth 
mobile user employs Mk receive antennas.  
Assuming xk(n) denotes the transmitted symbol intended 
for the kth mobile user at time n, and wk is the beamforming 
vector for the kth mobile user, the transmitted signal vector at 
time n is given by 
1
( ) ( )
K
k k
k
n x n
=
= ∑x w                             (1) 
Under the assumption of narrow-band MIMO system 
operation, the received signal at the kth mobile user is 
expressed as 
( ) ( ) ( )k k ky n n nη= +H x                      (2) 
where ηk  is spatially and temporally white noise with a zero 
mean and variance  given by                     
( ) 2
k kk k n M M
E η η σ∗ ×= I                        (3) 
Hk is the channel matrix describing the channel between the 
base station and the kth mobile user. Its properties are 
influenced by the transmitting and receiving antenna arrays in 
addition to the signal propagation environment. It is assumed 
that the links between the base station and different mobile 
users do not share the same scattering environment. This 
assumption means that the signal fading is independent for 
different mobile users. In addition, we assume that the 
correlations at the transmitter and receiver sides are 
independent so tyat the channel matrix Hk is represented as 
( )1/ 2 1/ 2kk MS BS= HH R G R                      (4) 
where GH is a matrix with i.i.d. Gaussian entries with zero 
mean and unit variance and RkMS and RBS are spatial 
correlation matrices at the kth MS and BS, respectively. 
III. TRANSMIT ANTENNA SELECTION SCHEME   
USING BLOCK DIAGONALIZATION 
In this section, we present a new transmit antenna selection 
scheme by starting with a brief introduction of the BD 
technique for a multiuser MIMO system. Next, we explain 
the design of an optimal beamformer at transmitter and 
receiver. Following the introduction of antenna selection 
metric the entire antenna selection algorithm is described. 
 
A. Block Diagonalization for Multiuser MIMO Systems 
In the following considerations, it is assumed that the 
perfect channel state information (CSI) available at the 
mobile stations is fed back to the base station via error-free 
uplink signaling channels. The received signal at the kth MS, 
given as (2), is rewritten as 
1,
( ) ( ) ( ) ( )
K
k k k k k i i k
i i k
y n x n x n nη
= ≠
= + +∑H w H w     (5)                 
where the second term represents the co-channel interference 
(CCI) caused by the multiuser sharing the downlink 
resources.  
The principal idea of the block diagonalization is to find 
the beamforming vectors which can zero-force the CCI.  To 
enable the users to receive their own data with a zero co-
channel interference, the base station has to use the transmit 
beamforming weights that fulfill the following condition 
, 1i k i k K= ≤ ≠ ≤H w 0                         (6) 
With the beamforming vectors satisfying (6), the CCI is 
completely eliminated and thus the kth MS observes a point-
to-point MIMO link with the base station.  
By defining 
1 1 1, , , , ,
TT T T T
k k k K− +⎡ ⎤= ⎣ ⎦H H H H H " "             (7)  
Equation (6) can be rewritten as 
k k =H w 0                                      (8)  
Equation (8) indicates that the beamforming vectors for the 
kth mobile user should lie in the null space of (9). By applying 
the singular value decomposition (SVD), the following is 
obtained 
†(1) (0)k
k k k k
⎡ ⎤ ⎡ ⎤= ⎢ ⎥ ⎣ ⎦⎣ ⎦
Ω 0
H U V V
0 0
                  (9)  
where kΩ  is the diagonal matrix with all non-negative 
singular values. (0)kV  contains vectors corresponding to the 
zero singulars. They form an orthogonal basis for the space of 
(9). The columns are the candidate beamforming vectors. 
B. Optimal Design of Linear Receiver 
By using the beamforming vectors generated by (9), the 
CCI is completely eliminated and the mobile users observe 
point-to-point MIMO links with the base station. The 
effective MIMO link for the kth mobile user is described by 
(0)
,eff k k k=H H V                                 (10)  
  Further, the effective MIMO link for the kth mobile user 
can be singular value decomposed as  
 
†(1) (0)
,
k
eff k k k k
⎡ ⎤ ⎡ ⎤= ⎢ ⎥ ⎣ ⎦⎣ ⎦
Ω 0
H U V V
0 0
          (11)  
where Vk(1)has as columns the eigenvectors corresponding to 
the non-zero eigenvalues of (Heff,k)†Heff,k.  
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Under the assumption that an equal power allocation is 
applied over the multiuser MIMO system, the optimal 
transmit beamforming vectors for the kth mobile user can be 
expressed as 
_ (0) (1)Opt tx
k k k=w V V                             (12) 
Accordingly, under the practical design criteria, such as 
maximizing the mutual information or geometric mean-
square error, the optimal receiver beamforming vectors 
follow the linear minimum mean-square error (LMMSE) rule 
and are given as 
( )( )
( )
1† † 2
1(0) (1) (1)† (0)† † 2 (0) (1)
Opt rx
k
Opt rx Opt rx Opt rx
k k k k n k k
k k k k k k n k k k
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−
−
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−
= +
= +
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(13) 
The link between the base station and the kth mobile user is 
then represented by  
( )†Opt Opt rx Opt txk k k k− −=H w H w                   (14) 
With the choice of transmit and receive beamforming 
vectors as given by (12) and (13), the point-to-point CCI-free 
MIMO channels for K mobile users are decomposed into 
parallel eigenmode sub-channels. The broadcasting sum rate 
capacity for an optimal receiver can be written as 
( )†2 2
1
1log det
K
Opt Opt
BD k k
k n
C E
σ
=
⎛ ⎞⎛ ⎞
= +⎜ ⎟⎜ ⎟⎝ ⎠⎝ ⎠∑ I H H   (15)   
C. New Transmit Antenna Selection Scheme 
The task of antenna selection scheme is to choose N out of 
L antennas that are available at the base station. An optimal 
selection can be achieved by exhaustively searching over all 
possible combinations of N out of L transmit antennas [9]. 
However, such an exhaustive search is hardly suitable for 
real-time implementation because of prohibitively long 
computational time. In this paper, we propose a low 
complexity strategy which implies a successive elimination of 
transmitting antennas so that at each stage a single transmit 
antenna is deactivated yielding a minimum contribution to the 
sum of the singular values of the effective MIMO channels. 
The procedure is repeated until N optimal antennas are 
selected. 
The proposed algorithm initially sets the global channel 
matrix as  
1
0 1 2 ( )
, , K
k
k
TT T T
K L M
=
×
⎡ ⎤= ⎣ ⎦ ∑H H H H"            (16) 
Then the global channel matrix Hi-1 at the (i-1)th is obtained.  
At stage i, the jth (1≤j≤N-i+1) transmit antenna is deactivated 
and the temporary global channel matrix is obtained as 
( ) ( ) ( )
( )
1
1 2
1
, , K
k
k
TT T Tj j j j
i K
L i M
=
⎛ ⎞
− + ×⎜ ⎟⎜ ⎟⎝ ⎠
⎡ ⎤
= ⎢ ⎥⎣ ⎦ ∑H H H H"   (17) 
Based on the temporary global channel matrix, BD is 
obtains the effective point-to-point MIMO channel matrices 
(0)
, , (1 ,1 1)
j j
eff k k j k k K j L i= ≤ ≤ ≤ ≤ − +H H V (18)  
Next, SVD over the effective MIMO channels is performed 
and the average of the singular values over all the mobile 
users is calculated 
1 ,
( ) (1 ,1 1)
( )
jK
k
j j
k eff k
trace k K j L i
Rank
λ
=
= ≤ ≤ ≤ ≤ − +∑ ΩH (19) 
where ΩKj denotes the diagonal matrix containing the singular 
values of the effective channel for the kth mobile user. Next, 
the antenna that maximizes the sum of the singular values 
given by (19) is determined 
1 1
arg max jj L ij λ≤ ≤ − +=                                (20)  
By deactivating the jth transmit antenna and updating the 
global channel matrix, the optimized global channel matrix is 
obtained.    
The procedure is repeated until L-N antennas yielding a 
minimum contribution to the sum of the singular values of the 
effective MIMO channels are deactivated. The strategy 
requires L-N iterations, and the ith iteration requires N-i+1 
space searches. As a result, the size of the search space is 
given as 
1
1
L N
i
S L i
−
=
= − +∑                                 (21) 
which is far less than the one obtained from the exhaustive 
search scheme. For instance, the total search space for the 
exhaustive search scheme amounts to 1820 when N=4 and 
L=16, while for the newly proposed search only 126 
iterations are used.  
IV. SIMULATION RESULTS 
Computer simulations are performed to verify validity of 
the proposed antenna selection scheme. For a multiuser 
MIMO downlink system with N transmit antenna at a base 
station and M receive antennas for each of the K mobile 
users, it is referred to as N× (K×M) system.  When an antenna 
selection scheme is applied, we refer to this system as N/L× 
(K×M), where L is the number antennas in the selection pool 
at the base station and N is the number of finally selected 
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antennas. Figure 1 presents a comparison of different antenna 
selection schemes in terms of sum rate capacity.   
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Figure 1.  Comparison of performance of sum rate capacity for differene 
antenna selection schemes 
As observed in Figure 1, antenna selection schemes 
provide extra gain to the system capacity, which tends to be 
larger for higher values of SNR. In particular, the gain in the 
sum rate capacity reaches nearly 5bps/Hz at 35dB for the 
6/8× (2×3) system with the optimum exhaustive antenna 
search scheme. The newly proposed MAS scheme 
outperforms the MMS scheme in the low SNR region while 
the MMS scheme is superior in the high SNR region. The 
cross-point occurs at SNR of 23.5dB.   
Figure 2 shows the performance of MMS and MAS 
schemes in terms of sum rate capacity as a function of 
number of candidate transmit antennas at high and low values 
of SNR.   
6 8 10 12 14 16 18 20
0
5
10
15
20
25
30
Number of Transmit Antennas (N)
Su
m
 
R
at
e 
Ca
pa
cit
y(b
ps
/H
z
)
 
 
MMS 6/NX(2X3)
MMS 6/NX(2X3)
MAS 6/NX(2X3)
MAS 6/NX(2X3)
SNR=30dB
SNR=15dB
 
Figure 2.  Performance of sum rate capacity for differene antenna selection 
schemes at various transmit antenna numbers 
From Figure 2 it can be seen that by increasing the number 
of candidate transmit antenna at the base station, the system 
gains an increased capacity with antennas selection schemes. 
It can be seen that MAS outperforms MSS in the low SNR 
region. 
V. CONCLUSIONS 
A multiuser MIMO system has been presented, in which 
the base station employs more antennas than its RF branches. 
Based on the optimal receivers’ structure, a novel antenna 
selection scheme for the system has been described. Its 
validity has been verified by computer simulations for the 
sum rate capacity. The proposed scheme has a better 
performance over the earlier reported maximized minimum 
singular (MMS) scheme at low values of SNR.  
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